.. S11 Scheme S1. The synthetic route of DDAN.
Synthesis of DDAN
The far-red fluorescent probe DDAN was synthesized as shown in Scheme 1.
Synthesis of compound 3. 3-(2-hydroxy-2-propyl) phenol (1, 1.52 g, 10.0 mmol) and S6 2,6-dichloroquinone-4-chloroimide (2, 2.10 g, 10.0 mmol) were dissolved in 5 mL THF and 5 mL H2O. Aqueous 2M NaOH (10.5 mL, 21.0 mmol) was added dropwise, and the mixture was stirred for 2 h at 0 ˚C. Then, the reaction solution was poured into 350 mL saturated NH4Cl aqueous solution, and extracted with 300 mL EtOAc. The organic phase was washed by 10% Na2S2O4 aqueous solution and brine. After the evaporation of EtOAc, the residue was dissolved in 10 mL MeOH and then blended into 250 mL deoxygenated aqueous 1M HCl. The resulting suspension was refluxed under an argon atmosphere for 1.5 h. The reacted solution was cooled, extracted twice with EtOAc (200 mL), and the combined extracts washed by brine. Then, the organic phase was dried over anhydrous MgSO4 and concentrated under reduced pressure to afford crude 3, which was used directly in the next step without further purified.
Synthesis of compound 4. To a solution of crude 3 (2.40 g) and triethylamine (4.5 mL) in 50 mL anhydrous CH2Cl2, 2.3 mL acetyl chloride was added dropwise and the mixture was stirred for 1 h at room temperature. The resulting solution was washed with water and brine, then dried over anhydrous MgSO4. After the evaporation of solvents, the residue was separated by silica gel column to afford 4 as a white solid 47, 167.99, 144.03, 137.67, 136.04, 132.51, 129.60, 128.16, 125.74, 122.43, 120.65, 120.49, 113.45, 112.79, 37.39, 31.36, 20.79, 19.86 . HR-MS (-)-ESI m/z 392.0455 [M-H] -(calcd. 392.0462).
Synthesis of DDAN.
To a solution of 4 (393 mg, 1.0 mmol) in 15 mL 1,4-dioxane, 10 mL Na2SO3 aqueous solution (1.0 mM) was added dropwise, and the mixture was stirred at 50 ˚C overnight. The resulting solution was diluted with CH2Cl2 and washed by water, brine. After removing the solvents, the residue was separated by silica gel column to afford DDAN as a white solid (151 mg, 43.1%). 1 H NMR (400 MHz, CDCl3) δ 6.82 (s, 1H), 6.61 -6.51 (m, 2H), 6.41 (d, J = 8.4 Hz, 1H), 5.99 (s, 1H), 4.47 (s, 1H), 2.38 (s, 3H), 1.85 (s, 6H). 13 C NMR (125 MHz, MeOD) δ 170. 05, 152.26, 139.91, 137.46, 131.77, 129.99, 129.61, 127.52, 123.87, 115.62, 114.94, 114.82, 113.58, 39.15, 32 .02, 20.08. HR-MS (-)-ESI m/z 350.0349 [M-H] -(calcd. 350.0356).
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Oxidation of DDAN catalyzed by laccase
In the citric acid-phosphate buffer solution (pH 7.4), laccase (1.0 mg/mL) and DDAN (10 μM, DMSO < 1%, v/v) were co-incubated at 30 ºC for 20 min. Then, acetonitrile (33%, v/v) was added to inactivate the laccase activity and terminate the enzymatic reaction. When the denatured proteins were precipitated by centrifugation at 20,000 × g for 20 min, the fluorescence intensity corresponding to the production of DDAO was measured using Microplate reader with the excitation wavelength at 600 nm and emission wavelength at 658 nm.
Interferences of other species on the fluorescence emission of DDAN and the fluorescence response of DDAN towards laccase
Various ions including Mn 2+ , Cu 2+ , Zn 2+ , Mg 2+ , Fe 3+ , Sn 4+ , NO3 -, Cr2O7 2-, and EDTA (2 mM) were co-incubated with DDAN in the citric acid-phosphate buffer solution (pH 7.4), at 30 ºC for 20 min, respectively. Then, the fluorescence intensity was measured using Microplate reader (λex 600 nm/λem 658 nm). The influences of ions on the fluorescence responses of DDAN towards laccase were also performed for the coincubation of DDAN and laccase in the presences of various ions (2 mM). Furthermore, the various interferences of several amine acids Gln, Gly, Arg, Lys, Tyr, Trp, (1 mM) and oxidizing and reducing agents (Vitamin C, KMnO4, H2O2, Na2S2O3, DTT, GSH, 2 mM) were also evaluated followed the same procedures as mentioned above.
The selectivity of DDAN towards laccase in the presence of other biological enzymes CYP1A1, CYP2C19, CYP2D6, CYP2E1, CYP3A4, CYP3A5, Lipase, AchE, and protein BSA (1.0 mg/mL) were performed using the co-incubation of DDAN and these enzymes, respectively.
Sensing of fungal laccase and imaging of fungi using DDAN
All of the fungi were cultured in Yeast Extract Peptone Dextrose medium (YPD) in constant temperature shaking table (160 rpm) at 30 ºC for 12 h. The YPD medium contained yeast powder (10 g), peptone (20 g), glucose (20 g) and deionized water (1000 mL), which was sterilized at 121 ºC for 30 min. The fungal strains (24) In our present work, the expression of laccase in Aspergillus niger and Fusarium graminearum were induced by 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS, 0.5 mM) and Cu 2+ (0.5 mM), respectively. After the incubation of 7 days in the presences of ABTS and Cu 2+ , respectively, the fungal laccase were imaged using DDAN by Confocal Microscope flowing with procedures mentioned above.
Imaging of fungal colonies on agar medium using DDAN
To investigate the capability of DDAN for sensing fungal laccase in different complex samples, the imaging experiment of fungal colonies has been performed in our present work. The fungal colonies of various fungi were obtained on the YPD agar medium after a culture of 2 days at 30 ºC. Under the aseptic condition, DDAN (50 μM) was added on the colonies drop wise for a co-incubation at 30 ºC for 2 h. Then, the plates of fungal colonies were subjected to the small animal imaging system to obtain the fluorescence images at (λex 630 nm/λem 665 -735 nm).
Activity assay of fungal laccase in the fungal lysates
The fungi were cultured in YPD medium for 3 days to afford the mycelia. 200 mg mycelia were suspended in 6 mL PBS and broke on the ice using high speed tissue homogenizer (10 second each time for 5 times, with the interval of 30 second). Then, S9 the suspension solutions were centrifuged at 4 ºC and 6000 rpm for 20 min, which would give the fungal lysates containing laccase.
Assay of the laccase activity about the fungal lysates were performed using DDAN.
The co-incubation of lysates and DDAN (10 μM) were conducted at 30 ˚C for 20 min.
After the enzymatic reaction was terminated by acetonitrile (33%, v/v), the fluorescence intensity of solution was recorded by microplate reader (λex 600 nm/λem 658 nm). Fig. S5 . 13 C NMR spectrum of DDAN. Fig. S26 . HPLC chromatograms for the oxidation of 6,7-dihydroxycoumarin mediated by fungus Rhizopus oryzae AS 3.2380. 3 2 0 3 2 5 3 3 0 3 3 5 3 4 0 3 4 5 3 5 0 3 5 5 3 6 0 3 6 5 3 7 0 3 7 5 3 8 0 3 8 5 3 9 0 3 9 5 4 0 0 m/z, amu 5.0e5 Fig. S34 . The kinetics profile for the biosynthesis of dicoumarin. Fig. S35 . In silico docking analysis between dicoumarin 6,6',7,7'-tetrahydroxy-2H,2'H-(5,8'-bichromene)-2,2'-dione and GlmU protein (PDB No. 4k6r).
The synthesis of dicoumarin mediated by fungal laccase
